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A 5-week-old, Boer buck in a 500-head commercial 
goat herd was found in acute distress, intensely 

vocalizing and recumbent. The kid had appeared normal 
the night before and had not experienced any previous 
health problems. The owners noted hypothermia (rectal 
temperature 36.2°C) and an absence of feces. Concerned 
about possible enterotoxemia, the owner treated the kid 
with Clostridium perfringens antitoxin, types C and D 
(Boehringer Ingelheim Vetmedica, Burlington, Ontario), 
20 mL, SC, and 10 mL, PO; florfenicol (Nuflor; Schering-
Plough Animal Health, Pointe Claire, Quebec), 10 mg/kg 
bodyweight (BW), IM; isoflupredone acetate (Predef; 
Pharmacia and Upjohn, Orangeville, Ontario), 0.015 mg/kg 
BW, IM; and penicillin G (PENPRO; APA, Cambridge, 
Ontario), 10 000 IU/kg BW, PO. The buck’s condition 
continued to deteriorate and he died en route to the vet-
erinary clinic.

A postmortem examination revealed good body condi-
tion, no obvious lesions externally, and well-formed fecal 
pellets in the rectum. There was approximately 500 mL 
of serosanguinous fluid in the peritoneal cavity. The 
small and large intestines were diffusely congested, 
edematous, and filled with hemorrhagic fluid (Figure 1). 
The proximal part of the intestines appeared to be less 
affected than the distal portions. There were no signs of 

obstruction or torsion of the mesenteric root. The mes-
enteric lymph nodes were enlarged and congested. Body enteric lymph nodes were enlarged and congested. Body 
fat stores were adequate and there were no lesions fat stores were adequate and there were no lesions 
indicative of white muscle disease. A presumptive diag-
nosis of enterotoxemia was made.

Samples of heart, lung, liver, spleen, kidney, skeletal Samples of heart, lung, liver, spleen, kidney, skeletal 
muscle, small and large intestine, mesenteric lymph muscle, small and large intestine, mesenteric lymph 
node, thymus, thyroid, and brain were collected into 10% node, thymus, thyroid, and brain were collected into 10% 
buffered formalin and submitted to the Animal Health buffered formalin and submitted to the Animal Health 
Laboratories (AHL; University of Guelph, Guelph, Laboratories (AHL; University of Guelph, Guelph, 
Ontario) for histopathological analysis. Bowel content Ontario) for histopathological analysis. Bowel content 
and tissue samples (at 4ºC) from the duodenum, jejunum, and tissue samples (at 4ºC) from the duodenum, jejunum, 
ileum, and large intestine were also submitted to AHL ileum, and large intestine were also submitted to AHL 
for bacteriological culture and polymerase chain reaction for bacteriological culture and polymerase chain reaction 
(PCR) testing.

A fecal sample was collected and analyzed in clinic A fecal sample was collected and analyzed in clinic 
by the standard vial gravitational flotation technique. An by the standard vial gravitational flotation technique. An 
occasional coccidial oocyst was noted at 40 magnifica-
tion. Because of the intensive nature of the commercial tion. Because of the intensive nature of the commercial 
operation, subclinical infection with an Eimeria sp. was sp. was 
not unexpected. The small number of oocysts and not unexpected. The small number of oocysts and 
absence of diarrhea made coccidiosis an unlikely con-
tributor to the pathogenesis in this case. Coccidia control tributor to the pathogenesis in this case. Coccidia control 
on the farm consisted of monensin in the feed at a con-
centration of 26.5 mg/kg (Rumensin; Elanco Animal centration of 26.5 mg/kg (Rumensin; Elanco Animal 
Health, Guelph, Ontario).

The histopathological report noted mild acute myo-
cardial necrosis and intestinal mucosal congestion. The cardial necrosis and intestinal mucosal congestion. The 
muscle lesions might have been indicative of agonal muscle lesions might have been indicative of agonal 
changes or a myopathy, such as white muscle disease. changes or a myopathy, such as white muscle disease. 
However, the peracute and painful clinical presentation, However, the peracute and painful clinical presentation, 
lack of obvious muscle lesions at necropsy, and history lack of obvious muscle lesions at necropsy, and history 
of prophylactic administration of vitamin E-selenium at of prophylactic administration of vitamin E-selenium at 
birth (E-Sel; Citadel Animal Health, Cambridge, birth (E-Sel; Citadel Animal Health, Cambridge, 
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Clostridium perfringens type A and Clostridium perfringens type A and Clostridium perfringens 2 toxin 
associated with enterotoxemia in a 5-week-old goat

Tammy Dray

Abstract — Postmortem examination of a Boer buck kid that died peracutely revealed diffusely 
congested, edematous bowel. Clostridium perfringens Type A was isolated. Some isolates carried the 
gene for 2 toxin, suggesting a role for 2 toxin in caprine enterotoxemia, a common cause of death 
in growing kids.

Résumé — Clostridium perfringens type A et sa toxine 2 associés à l’entérotoxémie chez 
un chevreau. Suite à une mort suraiguë, l’examen d’un chevreau mâle de race Boer a révélé 
de la congestion diffuse et de l’œdème au niveau de l’intestin. Du Clostridium perfringens de 
type A a été isolé. Certains isolats portaient le gène de la toxine 2, laissant présager un rôle 
pour la toxine 2 dans l’entérotoxémie caprine, maladie causant de nombreux décès chez les 
chevreaux.

(Traduit par Docteur André Blouin)
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Ontario), 0.25 mL, made white muscle disease an 
unlikely diagnosis. Congestion of the intestinal mucosal 
and lack of other remarkable findings was considered 
compatible with a diagnosis of enterotoxemia.

A large number of C. perfringens isolates were cul-
tured from the bowel content. Polymerase chain reaction 
analysis of the isolates identified 2 different genotypes. 
Both were type A, with one encoding only the  toxin 
and the other encoding both  and 2 toxins. The clini-
cal signs, postmortem lesions, and bacteriological results 
suggested a diagnosis of C. perfringens type A variant 
enterotoxemia.

Three forms of caprine enterotoxemia have been 
described. The peracute form typically affects young 
growing kids and, as in this case, causes death within 
hours. The rapid clinical course may or may not be asso-
ciated with clinical signs, which may include severe pain, 
vocalization, recumbency, fever, fibrinohemorrhagic 
diarrhea, and convulsions (1). Acute enterotoxemia has 
a less rapid clinical course, and signs are less severe than 
those observed with the peracute form; however, if left 
untreated, acute enterotoxemia usually culminates in 
death. This form affects mature animals more commonly 
than kids (1). The chronic form has been recognized in 
adult goats and is associated with chronic intermittent 
diarrhea, anorexia, weight loss, and decreased milk pro-
duction (1).

Several types of C. perfringens have been categorized 
on the basis of toxin production. Caprine enterotoxemia 
is caused primarily by C. perfringens type D, which 
produces both  and  toxins, with the  toxin being 
the main virulence factor (1). Clostridium perfringens
type C, producing  and  toxins, has occasionally 
been associated with enterotoxemia, particularly in 
young kids (1). Clostridium perfringens type B, produc-
ing , , and  toxins, rarely contributes to disease in 
goats and is more commonly associated with porcine 
enteritis (2). Clostridium perfringens type A, producing 
 toxin, is a common isolate from cases of caprine 
enterotoxemia (2), but its pathologic role is equivocal, 

as it is a normal commensal of the gastro-
intestinal tract (1).

As C. perfringens types C and D are the  types C and D are the 
principal causes of enterotoxemia in goats, principal causes of enterotoxemia in goats, 
vaccination with ovine type C and D tox-
oids is a routine procedure on most goat oids is a routine procedure on most goat 
farms. The case herd was vaccinated 3 to farms. The case herd was vaccinated 3 to 
4 times annually with C. perfringens
type D, C. tetani, and Corynebacterium Corynebacterium 
pseudotuberculosis (ovis) bacterin-toxoid  bacterin-toxoid 
(Glanvac-3; Vetrepharm, Lindon, Ontario). (Glanvac-3; Vetrepharm, Lindon, Ontario). 
In addition, C. perfringens types C and D  types C and D 
and C. tetani toxoid (Bar-Vac CD/T; toxoid (Bar-Vac CD/T; 
Boerhinger Ingelheim Vetmedica) was Boerhinger Ingelheim Vetmedica) was 
administered to all kids at birth and at administered to all kids at birth and at 
3 to 4 wk of age.

The efficacy of vaccination against cap-
rine enterotoxemia has been questioned. rine enterotoxemia has been questioned. 
Most reports agree that response to vacci-
nation is variable, although disagreement nation is variable, although disagreement 
exists as to whether vaccine-induced anti-
body levels are sufficiently protective (3,4). body levels are sufficiently protective (3,4). 
It has been reported that to produce protec-

tive titers, 3 to 4 doses of vaccine annually were required tive titers, 3 to 4 doses of vaccine annually were required 
to maintain a protective antibody level (3). Further con-
troversy exists as to whether systemic immunity, muco-
sal immunity, or both are required to protect against sal immunity, or both are required to protect against 
caprine enterotoxemia, which is thought to be a pre-
dominantly enteric disease with systemic effects (1,5). dominantly enteric disease with systemic effects (1,5). 
One challenge study found that parenteral vaccination One challenge study found that parenteral vaccination 
was protective against both systemic and enteric effects was protective against both systemic and enteric effects 
(5). However, poor efficacy is more commonly reported (5). However, poor efficacy is more commonly reported 
(1). Some researchers have suggested that inadequate (1). Some researchers have suggested that inadequate 
protection in goats, despite apparently adequate antibody protection in goats, despite apparently adequate antibody 
levels, may be attributed to the mainly enteric expression levels, may be attributed to the mainly enteric expression 
of enterotoxemia in goats compared with the systemic of enterotoxemia in goats compared with the systemic 
effects seen in sheep (6). The possible involvement of effects seen in sheep (6). The possible involvement of 
other clostridial toxins in caprine enterotoxemia has not other clostridial toxins in caprine enterotoxemia has not 
been ruled out.

A novel clostridial toxin, 2, has been isolated from 2, has been isolated from 
cases of necrotic enteritis in piglets (7,8), enterocolitis cases of necrotic enteritis in piglets (7,8), enterocolitis 
in horses (7), enterotoxemia in calves (8), and clostridial in horses (7), enterotoxemia in calves (8), and clostridial 
dysentery in lambs (9). This toxin may be associated with dysentery in lambs (9). This toxin may be associated with 
any of the clostridial biotypes, although current literature any of the clostridial biotypes, although current literature 
suggests that, predominantly, type A, and occasionally suggests that, predominantly, type A, and occasionally 
types C and D, are involved. The 2 toxin is encoded by 2 toxin is encoded by 
the cpb2 gene (7). Sequence characterization of the gene  gene (7). Sequence characterization of the gene 
and its product have revealed that 2 toxin is distinct 2 toxin is distinct 
from 1, with no significant amino acid sequence homol-
ogy (7). The 2 toxins are of different sizes and are sero-
logically only weakly cross-reactive (5). However, logically only weakly cross-reactive (5). However, 
cytopathological and biological similarities do exist, as cytopathological and biological similarities do exist, as 
both toxins cause cytotoxic effects in cell culture, lethal-
ity in mice, and intestinal hemorrhage and necrosis ity in mice, and intestinal hemorrhage and necrosis 
in vivo in cattle and sheep (8,10).

While the cpb2 gene has been identified in a number  gene has been identified in a number 
of enteritis cases from a variety of species, the role of of enteritis cases from a variety of species, the role of 
2 toxin in pathogenesis of enterotoxemia is not straight-
forward. As with other forms of clostridial enterotox-
emia, the connection between the presence of a toxin and emia, the connection between the presence of a toxin and 
its role in disease is complicated by the fact that appar-
ently healthy individuals may be carriers of the organ-
isms that produce the toxin, and that enteritis may be isms that produce the toxin, and that enteritis may be 

Figure 1. Gross pathological changes in a 5-week-old Boer buck kid that died 
suddenly. The bowel is congested and edematous, and mesenteric lymph nodes 
are enlarged and congested.
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caused by a variety of bacterial pathogens, including 
other clostridial biotypes. From studies that investigated 
foal diarrhea, lamb diarrhea, and calf enterotoxemia, 
2 toxin has been reported at similar frequencies in both 
diseased and unaffected control populations (7,8). This 
finding is consistent with previous studies in which 
 toxin, which is associated with C. perfringens type D 
enterotoxemia, was identified in healthy animals (9). 
These researchers postulated that the proportion of 
C. perfringens organisms in the intestinal tract that carry 
the gene encoding for the toxin determines disease occur-
rence. The absolute number of toxigenic C. perfringens
in the intestinal tract is another important factor, as more 
isolates were reported in diseased animals than in the 
control population in a study of type A clostridial entero-
toxemia in calves (8). Recently, increased intestinal 
lesions in a calf ligated-intestinal-loop assay were attrib-
uted to synergism between clostridial  and 2 toxins (8). 
In general, clostridial enterotoxemia appears to result 
from many factors occurring concurrently, which may 
include the immune status of the individual, the number 
of clostridial organisms in the gastrointestinal tract, and 
the toxigenic potential of these organisms.

Management plays a large role in the prevention and 
control of enterotoxemia. Sudden access to carbohydrate-
rich feed, such as lush pasture or grain, stimulates 
C. perfringens population growth and subsequent patho-
genesis, particularly the peracute form of the disease (1). 
The buck kid in this case was being weaned and was 
beginning to access creep feed to a significant extent. 
This may have placed him at greater risk for clostridial 
enterotoxemia. Failure of passive immunity is another 
important consideration in diseases that affect young 
animals. Five other kids in the herd had died with simi-
lar signs in the 5 mo prior to this case. All but one of 
these had been deprived of sufficient colostrum because 
of triplet/quadruplet births or poor colostral production. 
Vaccination of pregnant does with a clostridial toxoid 
may help to prevent classical type D enterotoxemia in 
the offspring. In this case, however, herd vaccination for 
C. perfringens types C and D would not have helped, as 
2 toxin has no homology with other clostridial toxins, 
and  and 2 toxoids are not commercially available.

This case demonstrates a possible role for a Clostridium 
perfringensperfringens type A 2-variant in caprine enterotoxemia. 

Definitive diagnosis is difficult as healthy individuals Definitive diagnosis is difficult as healthy individuals 
may be carriers (7,8). However, the clinical signs, necropsy 
findings, culture results, isolation of  and 2 toxins, 2 toxins, 
and the absence of other enterotoxigenic pathogens make and the absence of other enterotoxigenic pathogens make 
this the most likely diagnosis.
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